The intrinsic factor content of Berkefeld-filtered human gastric juice has been studied. This appears to vary with the pH at which filtration is carried out and also between individual filters. Significant losses of intrinsic factor may result from filtration and complete loss when filtration is carried out at a low pH. The most suitable pH for filtration appears to be in the range pH 7to 8.
It is known that filtration of human gastric juice through a Seitz filter causes it to lose intrinsic factor activity while Berkefeld filtration is said not to do this (Taylor, Castle, Heinle, and Adams, 1938; Hall, Morgan, and Campbell, 1949; Ungley, 1950) but there is little recent information on this subject (Glass, 1963) . During work involving the study of the uptake of vitamin B12 by microorganisms in the presence of gastric juice, the problem of sterilizing the juice was encountered. This prompted further study of the effect of Berkefeld filtration on the binding activity of gastric juice, particularly after it was noted that after filtration the binding activity of gastric juice tended to be somewhat variable.
METHODS
Cultures of E. coli were prepared by inoculating 1 ml of an overnight culture into 10 ml DIFCO microinoculum broth at room temperature. Cyanocobalamin was added to the cultures at room temperature in 0-1 ml water. The 58 cobalt-labelled vitamin was obtained from the Radiochemical Centre, Amersham, as ampoules containing 3-6 ,ug and activity 10 ,uc. To these 6-4 ,ug of the stable vitamin was added and the volume made up to 15 ml with sterile water. Thus 0-1 ml water would contain 1/15 jLg cyanocobalamin with activity 1/15 ,tc. This is approximately 12 times the amount of vitamin in 10 ml DIFCO broth. The uptake of the labelled vitamin by the microorganisms was determined after a further period of incubation for 16 hours at 371C and at pH 6-8. The cultures were then centrifuged at 3,000 revolutions per minute for 30 minutes and the radioactivity of the supernatant was calculated using a well type scintillation counter. By comparing this with the activity of uninoculated controls the uptake of the labelled vitamin by the microorganisms was calculated.
Received for publication 13 June 1968. By combining measured volumes of human gastric juice with the cultures the uptake of vitamin B12 by the organisms in the presence of gastric juice was determined. Gastric juice was obtained from subjects after augmented histamine stimulation (Kay, 1953; Card, Marks, and Sircus, 1955) and the pepsin in this inactivated by alkaline denaturation (Grassbeck, 1960) . It was then kept at -20°C until required. Only juice from patients with an output of more than 20 m-equiv acid in the posthistamine hour or of known intrinsic factor concentration was used. The latter was measured by the method of Ardeman and Chanarin (1963) .
Crystalline pepsin (Worthington USA) was added as 2 5 mg in 0-1 ml of water per millilitre of gastric juice. This concentration of enzyme is based on observations made on the concentration of pepsin in human gastric juice (Babkin, 1950; Reizenstein, 1959) . Enzyme digestion was carried out for four hours atppH 2 and after thisperiod the enzyme was inactivated by alkaline denaturation.
Appropriate controls were set up throughout and particular care was taken to detect bacterial contamination of the various solutions employed. All experiments were carried out in duplicate, the measure of agreement between duplicate samples being excellent.
For the filtration work six new standard filter candles (British Berkefeld Filters Ltd, No. 8) were used. They were prepared and cleaned for the experiments as instructed by the makers by boiling in water for 20 minutes. They were then autoclaved at 15 lb pressure for 10 minutes. In each filtration experiment 60 ml of juice was passed through the filters under identical conditions. juice are slightly higher, and, though the differences are small, they are reproducible. From Table II it will be seen that the binding activity of gastric juice was more susceptible to peptic digestion after it had been filtered. In Table III it will be seen from the uptake studies that the loss of binding activity becomes more pronounced as the pH at which the juice is filtered is dropped. Figure 1 shows the results of an experiment in which intrinsic factor determinations were made on the gastric juice before and after filtration, the pH of the juice being alteredin the rangepH 6to 10 before filtration. The intrinsic factor concentration of the juice before filtration was 65 6 ng/ml. Figure 2 on the whole confirm the observations made in the vitamin B12 uptake experiments and indicate that the loss of binding activity noted there was due to loss of intrinsic factor activity.
RESULTS
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DISCUSSION
The findings confirm the claim of previous workers in that gastric juice which has been filtered through a Berkefeld filter still contains intrinsic factor. This, however, is true mainly of juice filtered in the pH range 7 to 8. AtpH values above and below this range there tends to be some loss of intrinsic factor activity and this is complete in the lower pH range. It should be recalled here that intrinsic factor is known to be stable up to a pH of 11-5 (Glass, 1963 The manner by which the filters bring about their effect is puzzling but an important clue may be contained in the observations made on the pH of the filtrate. This tends towards neutrality regardless of the pH of the juice before filtration. Thus when juice is filtered at pH 2 the pH of the effluent has changed to between 7 and 8. The application of negative pressure to the filters has not significantly affected the results obtained and it has not been possible to wash the intrinsic factor presumably left behind out of the filters through which juice has been passed at low pH with either alkali or water. Prolonging the period of filtration does not result in any significant change in the intrinsic factor concentrations of the filtered juice though the intrinsic factor content of initial aliquots of juice even when filtered at pH 7 may be very low.
Gastric juice is sometimes used as a source of intrinsic factor in tests of vitamin B12 absorption and Berkefeld filtration is a popular method of preparing it for this procedure (Taylor et al, 1938; Hall et al, 1949; Ungley, 1950) . The present work suggests that occasionally this could lead to erroneous results. Thus 50 ml of gastric juice of intrinsic factor content 65 6 ,ug/ml if passed through the worst of our filters at pH 7 would still contain 890 ng of intrinsic factor. This would usually be enough to correct impaired absorption of vitamin B12 in a patient with pernicious anaemia though more might be required in a patient with deficiency of intrinsic factor after gastric surgery (Ardeman and Chanarin, 1965) . Error would of course be more likely if juice of a lower intrinsic factor concentration was being filtered. The effect of Berkefeld filtration on gastric juice in more subtle work certainly cannot be disregarded and consequently its use in the uptake studies described had to be abandoned.
